SPECIFICATION 



TITLE OF THE INVENTION 

Clock and Data Recovery Method and Digital Circuit for 
the Same 

FIELD OF THE INVENTION 

The present invention relates to a digital clock/data 
recovery circuit that has a good jitter/wander- tolerance 
characteristic as well as allows its size and its power 
consumption to be reduced with ease. 

BACKGROUND OF THE INVENTION 

With a remarkably increasing number of data 
communication services due to, among others , the popularization 
of the Internet in recent years, an optical transmission system 
using optical fibers is applied to mainly trunk networks in a 
wide range of networks up to metro networks. Nowadays, it is 
time to implement production of a 10-Gbps optical transmission 
system for trunk networks on a full scale. In addition, 
development of a communication LSI for a next-generation 
optical transmission system with a transmission speed of 40 Gps 
has been started. So far, in an interface of a Framer IC for 
an optical transmission module, there has been adopted a 
transmission system for transmitting data and a clock signal 
in parallel. 



Non-patent references 1 and 2 each disclose a typical 
transmission system. Non-patent reference 1 is a document with 
a title of "A 20Gb/s CMOS Multi-Channel Transmitter and Receiver 
Chip Set for Ultra-High Resolution Digital Display, " 2000 IEEE 
International Solid-State Circuits Conference TP 15.7. On the 
other hand, non-patent reference 2 is a document with a title 
of "5Gb/s Bidirectional Balanced-Line Link Compliant with 
Plesiochronous Clocking," 2001 IEEE International Solid-State 
Circuits Conference 4.4. The inventors of the present 
invention have studied conventional technologies disclosed in 
documents including non-patent reference 1 and pointed out 
technological problems as a result of the study. By referring 
to diagrams, the following description sequentially explains 
the conventional technologies and their problems. 

Fig. 16 is a block diagram showing an optical 
transmission module developed by the inventors and serving as 
a prerequisite to the present invention. Fig. 17 is a block 
diagram showing an SFI-5 Rx LSI employed in the optical 
transmission module shown in Fig. 16. 

In a 40 Gbps optical transmission module shown in Fig. 
16 as a next-generation optical transmission module employing 
an SFI-5 Rx LSI shown in Fig. 17, an interface unit processes 
signals each having a large number of bits and a high frequency. 
For the large number of bits and the high frequency, there has 
been proposed interface specifications SFI-5 with a CDR (Clock 
and Data Recovery) system used as a prerequisite. The CDR 



system is a system for extracting a clock signal from data. A 
CDR block employed in the SFI-5 Rx LSI shown in Fig. 17 extracts 
a clock signal from data and receives the data. A FIFO block 
absorbs clock skews generated between channels. The function 
of the FIFO blocks is indispensable to a high-speed I/F LSI. 

Fig. 18 is a block diagram showing a typical 
configuration of a CDR (Clock and Data Recovery) circuit 
employing a commonly known VCO (Voltage-Controlled Oscillator ) . 
The inventors of the present invention developed the CDR circuit . 
In the CDR circuit, a phase comparator generates UP and DOWN 
signals as a result of phase comparison. Electric charge 
representing a difference between the UP and DOWN signals is 
accumulated in a charge pump 1801. A loop filter 1802 removes 
high-frequency components from the voltage of a capacitor 
employed in the charge pump 1801 before the voltage is supplied 
to an oscillator 1803. Since the loop filter 1802 must employ 
a capacitor with a large capacitance of the order of 100 pF in 
this configuration, the configuration has a shortcoming that 
it is necessary to increase the area of the CDR circuit to about 
500 square -microns . Thus, the CDR circuit is not suitable for 
bit -count enhancement of an optical transmission system. 

Fig. 19 is a block diagram showing the configuration of 
a variable delay type phase generator adopted in a CDR circuit 
serving as a comparison example assumed by the inventors of the 
present invention. The figure is given to show problems to be 
solved by the present invention. The configuration comprises 
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a phase comparator 1903, a counter 1905 and a clock-phase 
generation unit 1906. The phase comparator 1903 is a component 
for comparing the phase of input data 1901 with the phases of 
data recovery clock signals 1902 generated internally. As a 
5 result of comparison, the phase comparator 1903 outputs UP and 
DOWN signals 1904 indicating directions of the change of the 
clock phase. The counter 1905 is a component for controlling 
the frequency at which the UP and DOWN signals 1904 are fed back 
to a means for outputting a clock phase. The clock-phase 
10 generation unit 1906 is a component for generating the output 
phases of the clock signals from a signal output by the counter 
1905. The clock-phase generation unit 1906 comprises a phase 
interpolation control unit 1907 and 2 phase interpolation 
circuits 1908. 

15 The phase interpolation circuits 1908 are each connected 

to a load resistor having 2 common left and right differential 
pairs . If 2 clock signals with phases different from each other 
by 90 degrees are supplied to the left and right differential 
pairs respectively, a signal having a mid phase between the 2 

20 phases is output. By controlling a current source of the 
differential pairs, the mid phase can be generated as a 
staircase like phase. Let symbols 0 and f denote the phases 
of the signals supplied to the left and right differential pairs 
and combinations of the phases 9 and f be the following 4 

25 combinations, i. e. , a combination of 0 degrees and 90 degrees, 
a combination of 90 degrees and 180 degrees, a combination of 



180 degrees and 270 degrees and a combination of 270 degrees 
and 0 degrees. In this case, by controlling a current generated 
by the current source to magnitudes 10 to 116, the output phase 
can be changed to values at 64 (= 16 stages X 4 , where the integer 
4 is the number of phase combinations) stages. The 16 stages 
correspond to the 16 current magnitudes 10 to 116. 

Fig. 20 shows a flowchart representing operations 
carried out by the CDR circuit shown in Fig. 19. First of all, 
a phase comparator compares data 2001 with the edge of a clock 
signal 2002 generated internally. If the phase of the clock 
signal lags behind the phase of the data, the comparator outputs 
the UP signal 2003. If the phase of the clock signal leads ahead 
of the phase of the data, on the other hand, the comparator 
outputs the DOWN signal 2004. A counter counts the number of 
UP signals 2003 and the number of DOWN 2004. As the number of 
UP signals 2003 or the number of DOWN 2004 reaches a number N, 
the counter outputs a signal to the clock generation unit 2005, 
which generates the aforementioned clock signal 2002 on the 
basis of the UP and DOWN signals. 

Fig. 21 is a diagram showing an outline of operations 
carried out by the CDR circuit shown in Fig. 19 . A time-to-time 
processing method is adopted as the conventional processing 
method for reflecting results of the edge detection in the 
recovered clock signal. A cycle from phase detection to 
reflection of phase -comparison results in a recovered clock 
signal is divided into a phase detection period from the phase 



comparison in the phase comparator to an operation carried out 
by the counter to output a signal, a clock-phase selection 
process and a clock delay, which is a delay incurred by the 
recovered clock signal. In accordance with the time- to-time 
5 processing method, before a cycle up to reflection of edge 
detection results in a recovered clock signal is completed, the 
next cycle is started in order to reduce a clock control interval . 
In this way, phases can be detected and results of the phase 
detection can be fed back with a higher degree of precision. 

10 Fig. 22 shows typical timing charts of operations carried 

out by the CDR circuit shown in Fig. 19. As a method of further 
reducing the clock control interval, there is a method in which 
a dual counter is employed for carrying out process A and process 
B concurrently. Of course, there is also a method of using a 

15 sigle counter for processing process A only. 

The description begins with a state in which clock signal 
3 has been selected as an initial recovered clock signal. Since 
the rising edge of the recovered clock signal leads ahead of 
the rising edge of the data, in phase detection (1) of process 

20 A, the number of DOWN_A pulses is counted. The output of the 
counter is fed back to phase-selection and clock-outputting 
processes and, as N DOWN__A pulses are counted, the recovered 
clock signal is switched to clock signal 2. In addition, 
process B is being carried out concurrently with process A and, 

25 from the same processing as that described above, clock signal 
2 is selected. In the continuation of process A, data edges 



are moving due to a wander, causing the raising edge of the 
recovered clock signal to lag behind the data edge. For this 
state, before results of phase detection (1) are reflected, N 
UP_A pulses are counted during phase detection (3), and the 
phase-selection and clock-outputting processes switch the 
recovered clock signal to clock signal 3. 

Fig. 23 is a diagram showing basic operations carried 
out by the CDR circuit shown in Fig. 19. If a rising edge of 
data exists in edge detection width A between rising edge 2 of 
recovered clock signal 2 and rising edge 3 of recovered clock 
signal 3, the clock signal is shifted in the plus direction by 
a phase differential of T/N. If a rising edge of data exists 
in edge detection width B between rising edge 2 of recovered 
clock signal 2 and rising edge 1 of recovered clock signal 1, 
on the other hand, the clock signal is shifted in the minus 
direction by a phase differential of T/N . Data is taken in and 
output on a falling edge of a clock signal. 

Fig. 24 is a diagram showing an edge detection method 
(that is, an edge-tracking method) adopted by the CDR circuit 
shown in Fig. 19. The following description explains a process 
to take in data in edge detection for data having jitters. As 
the jitters, a value of 0 . 7 UI is taken into consideration. The 
value of 0 . 7 UI is a result of adding a jitter increase of 0.025 
UI caused by the I/O to a standard value of 0.675 UI . This 
standard value is an SFI-5 (Serdes Framer Interface Level 5) 
standard value. 
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With clock timing 1, the phase of the clock signal is 
compared with the phase of data by comparing the rising edge 
of the clock signal with the rising edge of a data pulse far 
way from an eye. In the case of clock timing 1, the falling 
5 edge of the clock signal is shifted to a position outside the 
eye serving as a data recovery width, existing in the 0.7 UI 
jitter range. Thus, if the fact that data Jitters deviate from 
DO to Dn is taken into consideration, at Dn, for example, it 
is quite within the bounds of possibility that the data 

10 preceding Dn by 1 cycle is output . With clock timing 2 , on the 
other hand, the phase of the clock signal is compared with the 
phase of data by comparing the rising edge of the clock signal 
with the rising edge of a data pulse close to the eye serving 
as an eye. Also in the case of clock timing 2, the falling edge 

15 of the clock signal is shifted to a position outside the eye 
serving as a data recovery width, existing in the 0 . 7 UI jitter 
range. Thus, if the fact that data jitters deviate from DO to 
Dn is taken into consideration, at DO, for example, it is quite 
within the bounds of possibility that the data succeeding DO 

20 by 1 cycle is output . 

Fig. 25 is a diagram showing the definition of a wander, 
which is a long-period phase deviation. A wander prescribed 
in the SFI-5 standard is defined as attributes of a sinusoidal 
signal with a P-P amplitude of 10.65 UI and a period Tw in the 

25 range 5.3 to 6.7 micron sec. Fig. 26 is a diagram showing a 
characteristic representing the dependence of the wander Tb on 
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the phase detection period Ta. For a counter count value of 
8 in the conventional CDR circuit, the wander Tb is found to 
be 5.2 ps for a phase detection period Ta of 8 UI . If the 
frequency of the signal supplied to the counter is divided, the 
5 wander Tb is found to be 10.4 ps for a phase detection period 
Ta of 16 UI. 

Fig. 27 is a diagram showing relations between the eye 
and clock jitters with a wander generated in the CDR circuit 
shown in Fig. 19. Prior to generation of a wander, a clock 

10 falling edge may exist at a position of several ps up to a jitter 
range within an eye . Thus , data DO to Dn can correctly be output . 
In the case of a wander changing during the conventional 
detection period, on the other hand, the data edge deviates with 
a wander Tb of to 10 ps. Thus, the clock falling edge is shifted 

15 to a position outside the eye, existing in the 0 . 7 UI jitter 
range. As a result, at Dn, for example, it is quite within the 
bounds of possibility that the data preceding Dn by 1 cycle is 
output . 

In the typical edge detection described above, it is 
20 quite within the bounds of possibility that, due to a wander, 
data taken in at a clock immediately preceding the feedback of 
the edge detection may be data succeeding the supposed data by 
1 cycle. In addition, since a wander reduces the width of data 
recovery, it is necessary to decrease Tb (wander /phase 
25 detection period) . 

Fig. 28 is a diagram showing a relation between the data 
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edge and the edge detection width with a wander generated in 
the CDR circuit shown in Fig. 19. In the conventional CDR 
circuit, after N results of phase comparison are counted, a 
recovered clock signal is generated. While a data edge at the 
5 first edge detection exists in the edge detection width, at the 
Nth edge detection shown in the figure, the data edge is shifted 
to a position outside the edge detection width due to a wander 
Tb. Thus, since a result of phase comparison cannot be output, 
N results of phase comparison cannot be counted so that neither 

10 a recovered clock signal is generated nor the phase changes. 

As described above, in this typical edge detection, the 
phase of data with an edge supposed to be in edge detection width 
A deviates by a quantity Tb during a phase detection period due 
to a wander so that the edge is shifted to a position outside 

15 the edge detection width. Thus, results of phase comparison 
cannot be counted and the phase does not change . It is therefore 
feared that the clock edge does not follow the data edge . In 
addition, data may not be taken in correctly in dependence on 
the quantity Tb of the wander. It is thus quite within the 

20 bounds of possibility that data succeeding the supposed data 
by 1 cycle is output. 

As described above in detail, the conventional clock data 
recovery circuit has the following problems : 

(1) The configuration of the conventional clock data 

25 recovery circuit does not include sufficient consideration of 
an edge detection method for data with a jitter width exceeding 
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0.5 UI . That is to say, let data with a jitter width exceeding 
0,5 UI be handled by adoption of an edge detection technique 
based on an edge- tracking method. In this case, if the phase 
of a data edge on the eye side is compared with the phase of 
5 a clock rising edge, an edge for recovery of data on the clock 
falling edge is shifted out from the data recovery width. As 
a result, the data cannot be recovered correctly. In other 
words, the edge-tracking method can correctly recovery only 
data with a jitter width of about o.5 UI or below. 

10 As is obvious from the above description, the clock data 

recovery circuit described above has a problem of a poor 
jitter- tolerance characteristic . 

(2) The configuration of the conventional clock data 
recovery circuit does not include sufficient consideration of 

15 an edge detection method for correctly recovering data even in 
the event of a wander. That is to say, since a clock falling 
edge may exist at a position of several ps up to a jitter range 
within the eye prior to generation of a wander, if a wander is 
generated in the jitter direction, the clock falling edge will 

20 be shifted to a position in the jitter range so that data cannot 
be recovered . 

As is obvious from the above description, the clock data 
recovery circuit described above has a problem of a narrow data 
recoverability range with a wander taken into consideration. 
25 (3) The configuration of the conventional clock data 

recovery circuit does not include sufficient consideration of 



12 



an edge detection method for placing a data edge in an edge 
detection width even in the event of a wander. That is to say, 
at the first edge detection in a phase detection period, a data 
edge may exist at a position on the inner side several ps from 
5 the edge of the edge detection width . At the Nth edge detection , 
since the data edge deviates due to a wander Tb, it is quite 
within the bounds of possibility that the data edge is shifted 
to a position outside the edge detection width . In other words , 
since results of phase comparison cannot be output, N results 

10 cannot be counted so that neither a recovered clock signal is 
generated nor the phase is changed. 

As is obvious from the above description, the clock data 
recovery circuit described above has a problem that the clock 
signal has a poor tracking characteristic in the event of a 

15 wander . 

(4) The configuration of the conventional clock data 
recovery circuit does not include sufficient consideration of 
reduction of power consumption by the phase interpolation 
circuit. That is to say, the current of the phase interpolation 

20 circuit is controlled to magnitudes separated away at intervals 
each equal to a current pitch of II mA. To put it concretely, 
the magnitudes of the currents 10 to 116 are set as follows: 
10 = 0 mA, II = the magnitude of a circuit operation limit current 
[mA] and 116 = II x 16 mA. That is to say, the phase selection 

25 causes a current always having a magnitude equal to 16 times 
the circuit operation limit current to flow. 
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As is obvious from the above description, the clock data 
recovery circuit described above has a problem of large power 
consumption . 

It is thus a first object of the present invention 
5 addressing the problem described in section (1) to provide a 
clock data recovery circuit having an improved jitter tolerance 
characteristic . 

It is thus a second object of the present invention 
addressing the problem described in section (2) to provide a 
10 clock data recovery circuit having a broadened data 

recoverability range to cope with a wander generated in the 
clock data recovery circuit. 

It is thus a third object of the present invention 
addressing the problem described in section (3) to provide a 
15 clock data recovery circuit having an improved tracking 

characteristic to cope with a wander generated in the clock data 
recovery circuit . 

It is thus a fourth object of the present invention 
addressing the problem described in section (4) to provide a 
20 clock data recovery circuit having a reduced power consumption. 

SUMMARY OF THE INVENTION 

In order to achieve the first object described above, 
the present invention is provided with a function to compare 
25 the position of an edge of data with the position of an edge 
of a data recovery clock signal and to keep away the edge of 
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the data recovery clock signal from the edge of the data if the 
difference in edge position between the data and the data 
recovery clock signal is smaller than a reference value and a 
function to divide a cycle of a reference clock signal into N 
5 portions in order to generate clock signals having N phases 
different from each other, to select one of the N phases and 
take the clock signal with the selected phase as the data 
recovery clock signal. In the following description, the data 
recovery clock signal is also referred to simply as a recovered 

10 clock signal. 

In addition, the present invention also has a function 
to compare the position of an edge of data with the position 
of an edge of a data recovery clock signal, execute control to 
position the edge of the data recovery clock signal in an eye 

15 narrowed by high-frequency phase deviations (or jitters) of the 
data and take in the data with a timing of the compared edge 
of the data recovery clock signal. 

Furthermore, the present invention comprises: a phase 
comparator for comparing the phase of input data with the phase 

20 of a data recovery clock signal generated internally and 

outputting shift directions of the phase of the data recovery 
clock signal as UP and DOWN signals; a counter for controlling 
a frequency at which the UP and DOWN signals are fed back to 
a means for determining the phase of the data recovery clock 

25 signal; a cyclic clock-phase pointer for controlling an output 
phase of the data recovery clock signal on the basis of OUT UP 



15 



and OUT DOWN signals output by the counter; and a phase 
variable-delay circuit for outputting a clock phase according 
to a phase control signal. In the clock data recovery circuit, 
the data recovery clock signal is taken in from the input data 
5 and the input data is taken in with a timing determined by the 
recovered clock signal. 

A further clock data recovery circuit comprises : 
a counter for controlling a frequency at which UP and 
DOWN signals are fed back to a means for determining the phase 

10 of the data recovery clock signal; a cyclic clock-phase pointer 
for controlling an output phase of the data recovery clock 
signal on the basis of OUT UP and OUT DOWN signals output by 
the counter; and a phase variable -delay circuit for outputting 
a clock phase according to a phase control signal . In this clock 

15 data recovery circuit, a cycle of a reference clock signal is 
divided into N portions to generate N clock signals with phases 
different from each other. Then, the phase variable -delay 
circuit selects one of the N generated clock signals as the data 
recovery clock signal. The selected clock signal has one of 

20 the phases , which is selected by the cyclic clock-phase pointer. 

In addition, the clock data recovery circuit has a 
function to select one phase to be output by the phase 
variable-delay circuit. The phase is selected on the basis of 
a plurality of results of phase detection carried out over a 

25 plurality of cycles having a phase- switching pitch Tp smaller 
than a value determined by the cyclic clock-phase pointer. 
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In order to achieve the second and third objects 
described above, the present invention is provided with a 
function for comparing the position of the edge of data with 
the position of the edge of a data recovery clock signal (or 
5 a recovered clock signal) and keeping the clock edge away from 
the data edge if a gap between the edges becomes smaller than 
a reference value; and a function of dividing a cycle of a 
reference clock signal into N portions to generate N clock 
signals with phases different from each other and selecting one 

10 of the N generated clock signals as a data recovery clock signal. 

In addition, from another point of view of the present 
invention, there is provided a clock data recovery circuit 
having a function to track a wander, which is a long period phase 
deviation of input data, by comparing the position of the edge 

15 of the input data with the position of the edge of the clock 
signal. 

Even for input data with a long period phase deviation, 
the function to track a wander (which is the long period phase 
deviation of the input data) by comparing the position of the 

20 edge of the input data with the position of the edge of the data 
recovery clock signal is executed under a condition expressed 
by a relation given as follows: 
B x sin(2p x Ta/Tw) < T/N 
where symbol B denotes a maximum phase change of said input data 

25 over a long period of time, symbol Ta denotes a loop delay, symbol 
Tw denotes a phase deviation period, symbol T denotes a clock 



period, symbol N denotes the number of phase divisions, and T/N 
denotes a difference between 2 adjacent phases determined by- 
said number of phase divisions N. As described earlier, the 
loop delay Ta is a period of time between an output operation 
5 carried out by a phase comparator and an operation to reflect 
a selected phase in a clock signal supplied to the phase 
comparator . 

In addition, there is also provided a function to select 
one phase to be output by the phase variable -delay circuit on 
10 the basis of a plurality of results of phase detection carried 
out over a plurality of cycles having a phase -switching pitch 
Tp smaller than a value determined by the cyclic clock-phase 
pointer. 

In order to achieve the fourth object described above, 
15 the phase variable -delay circuit of the present invention is 
provided with buffers, composition circuits, N-l selectors and 
CMOS level conversion circuits. The buffers, the composition 
circuits and the N-l selectors are each designed as a 
small -amplitude differential circuit. 
20 By executing control to turn on 2 of the N-l selector 

control signals supplied to each 2 adjacent pins of the N-l 
selectors at the same time, the N-l selectors are capable of 
generating a middle phase between first and second phases and, 
hence, generating one of N x 2 phases from N input phases. 
25 A data recovery method provided by the present invention 

is a data recovery method for generating a recovered clock 
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signal by using input data and taking in the input data on the 
basis of a timing determined by the recovered clock. The data 
recovery method is characterized in that the method comprises 
the steps of: comparing the position of the edge of data with 
5 the position of the edge of a data recovery clock signal (or 
the recovered clock signal) and keeping the clock edge away from 
the data edge if a gap between the edges becomes smaller than 
a reference value; and dividing a cycle of a reference clock 
signal into N portions to generate N clock signals with phases 

10 different from each other and selecting one of the N generated 
clock signals as a data recovery clock signal. 

In addition, the clock data recovery circuit provided 
by the present invention is characterized by comprising: a phase 
comparator for comparing the phase of input data with the phase 

15 of a data recovery clock signal generated internally and 

outputting shift directions of the phase of the data recovery 
clock signal as UP and DOWN signals; a counter for controlling 
a frequency at which the UP and DOWN signals are fed back to 
a means for determining the phase of the data recovery clock 

20 signal; a cyclic clock-phase pointer for controlling an output 
phase of the data recovery clock signal on the basis of OUT UP 
and OUT DOWN signals output by the counter; and a phase 
variable-delay circuit for outputting a clock phase according 
to a phase control signal, wherein the input data is taken in 

25 with a timing determined by the data recovery clock signal. 

The phase variable -delay circuit changes the clock phase 
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output thereby as the phase of the data recovery clock signal 
so as to keep the edge of the data recovery clock signal away 
from the edge of the input data. In addition, a cycle of a 
reference clock signal may be divided into N portions to 
5 generate N clock signals with phases different from each other. 
Then, the phase variable- delay circuit selects one of the N 
generated clock signals as the data recovery clock signal. The 
selected clock signal has one of the phases, which is selected 
in accordance with the phase control signal. The phase 

10 variable -delay circuit may select a clock phase on the basis 
of a plurality of results of phase detection carried out over 
a plurality of cycles having a phase -switching pitch Tp smaller 
than a value determined by the cyclic clock-phase pointer. 

In addition, the phase variable -delay circuit of the 

15 present invention may have buffers, composition circuits, N-l 
selectors and CMOS level conversion circuits wherein the 
buffers, the composition circuits and the N-l selectors are each 
designed as a small -amplitude differential circuit. 

From another point of view of the present invention, the 

20 present invention is characterized by including a control 

circuit for executing control so as to place the edge of a data 
recovery clock signal in an eye narrowed by jitters, which are 
high-frequency components of data, by comparing the position 
of the edge of the data recovery clock signal with the position 

25 of the edge of the data, wherein the data is then taken in with 
a timing of the edge of the data recovery clock signal. Thus, 
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the control circuit executes control so that the distance 
between the position of the edge of the data recovery clock 
signal and the position of the edge of the data does not become 
smaller than a predetermined value. That is to say, the control 
5 circuit is capable of executing control so as to place the edge 
of the data recovery clock signal in an eye narrowed by jitters, 
which are high-frequency components of data as described above. 

In addition, the control circuit is capable of comparing 
the position of the edge of the data recovery clock signal with 

10 the position of the edge of the data at a first predetermined 
frequency and changing the phase of the data recovery clock 
signal at a second predetermined frequency not exceeding the 
first predetermined frequency. For example, by reflecting a 
plurality of edge -gap values sampled at a high frequency, the 

15 phase of the data recovery clock signal is changed at a frequency 
lower than the high frequency in order to control the gap between 
the position of the edge of the data recovery clock signal and 
the position of the edge of the data. By executing control in 
this way, it is possible to execute control of the edge position 

20 with a high degree of precision by using a simple circuit. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram showing the configuration of 
a digital-control type clock data recovery circuit implemented 
25 by a first embodiment of the present invention; 

Fig. 2 is a diagram showing an outline of operations 
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carried out by the first embodiment of the present invention; 

Fig. 3 shows timing charts of operations carried out by 
the first embodiment of the present invention; 

Fig. 4 is a diagram showing basic operations carried out 
5 by the first embodiment of the present invention; 

Fig. 5 is a diagram showing an edge detection method 
adopted by the first embodiment of the present invention; 

Fig. 6 is a diagram showing relations between an eye and 
clock jitters with a wander generated in the first embodiment 
10 of the present invention; 

Fig. 7 is a diagram showing a relation between a data 
edge and an edge detection width with a wander generated in the 
first embodiment of the present invention; 

Fig. 8 is a diagram showing graphs representing 
15 dependence of a wander on a loop delay in the first embodiment 
of the present invention; 

Fig. 9 is a circuit diagram showing a phase comparator 
provided by the first embodiment of the present invention; 

Fig. 10 is a block diagram showing a counter provided 
20 by the first embodiment of the present invention; 

Fig. 11 is a block diagram showing a cyclic clock-phase 
pointer provided by the first embodiment of the present 
invention; 

Fig. 12 is circuit diagram showing a phase variable- 
25 delay circuit implemented by a second embodiment of the present 
invention; 
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Fig. 13 is circuit diagram showing an 8-1 selector 
provided by the second embodiment of the present invention; 

Fig* 14 is a block diagram showing the configuration of 
a digital-control type clock data recovery circuit implemented 
5 by a third embodiment of the present invention; 

Fig. 15 is a block diagram showing the configuration of 
a digital-control type clock data recovery circuit implemented 
by a fourth embodiment of the present invention; 

Fig. 16 is a block diagram showing an optical 
10 transmission module; 

Fig. 17 is a block diagram showing an SFI-5 Rx LSI; 

Fig. 18 is a block diagram showing the configuration of 
a CDR (Clock and Data Recovery) circuit employing a commonly 
known VCO (Voltage-Controlled Oscillator) for a comparison 
15 purpose; 

Fig. 19 is a block diagram showing the configuration of 
a variable delay type CDR circuit for a comparison purpose; 

Fig. 20 shows a flowchart representing operations 
carried out by the CDR circuit given for a comparison purpose; 
20 Fig. 21 is a diagram showing an outline of operations 

carried out by the CDR circuit given for a comparison purpose; 

Fig. 22 shows typical timing charts of operations carried 
out by the CDR circuit given for a comparison purpose; 

Fig. 23 is a diagram showing basic operations carried 
25 out by the CDR circuit given for a comparison purpose; 

Fig. 24 is a diagram showing an edge detection method 
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adopted by the CDR circuit given for a comparison purpose; 

Fig. 25 is a diagram showing the definition of a wander; 

Fig. 26 is a diagram showing a characteristic 
representing dependence of a wander on a phase-switching pitch; 
5 Fig. 2 7 is a diagram showing relations between an eye 

and clock jitters with a wander generated in the CDR circuit 
given for a comparison purpose; and 

Fig. 28 is a diagram showing a relation between a data 
edge and an edge detection width with a wander generated in the 
10 CDR circuit given for a comparison purpose. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Preferred embodiments of the present invention will be 
described below by referring to the drawings. 

15 Fig. 1 is a block diagram showing the configuration of 

a digital-control type clock data recovery circuit implemented 
by a first embodiment of the present invention. The 
digital-control type clock data recovery circuit is also 
referred to hereafter simply as a digital clock data recovery 

20 circuit . 

As shown in Fig. 1, the digital clock data recovery 
circuit comprises: a phase comparator 103 for comparing the 
phase of input data 101 with the phase of a data recovery clock 
signal 102 generated internally and outputting shift directions 
25 of the phase of the data recovery clock signal 102 as UP and 
DOWN signals 104; a register multi-stage connection OR logic 
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type counter 105 for controlling a frequency at which the UP 
and DOWN signals 104 are fed back to a means for determining 
the phase of the data recovery clock signal 102; and a 
clock-phase generation unit 106 for generating an output phase 
5 of the data recovery clock signal on the basis of signals output 
by the counter 105. 

The clock-phase generation unit 106 comprises a cyclic 
clock-phase pointer 107 and a digital-control type phase 
variable -delay circuit 108. 

10 The phase variable -delay circuit 108 is a circuit for 

dividing one cycle of a reference clock signal 109 into N 
portions in order to generate N clock signals with phases 
different from each other, selecting one of the phases and 
taking one of the N clock signals, which has the selected phase, 

15 as the data recovery clock signal 102. The phase variable- 
delay circuit 108 is a digitally controlled circuit employing 
a selector for selecting one of N (= 16) phases. 

The phase comparator 103 receives the data recovery clock 
signal 102 output by the phase variable -delay circuit 108 and 

20 compares the phase of the data recovery clock signal 102 with 
the phase of the input data 101, outputting a result of the 
comparison as the UP or DOWN signal 104. The UP or DOWN signal 
104 is fed back to the clock-phase generation circuit 106 
eventually so as to execute control of keeping the edge of the 

25 output data recovery clock signal 102 away from edge of the input 
data 101. 
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The register multi-stage connection OR logic type 
counter 105 carries out an OR logic process on the UP and DOWN 
signals 104 detected over a plurality of cycles to improve 
detection precision and generates an interrupt for every 16 
5 cycles. Thus, while the conventional clock data recovery 
circuit counts the number of UP or DOWN signals, the clock data 
recovery circuit provided by the present invention counts 16 
clock pulses before feeding back the UP and DOWN signals 104 
to the clock-phase generation circuit 106. 

10 Fig. 2 is a diagram showing an outline of operations 

carried out by the first embodiment implementing phase-reflect 
control (adopting a successive processing method) provided by 
the present invention. In typical processing, an OR logic 
process is carried out on the UP and DOWN signals 104 detected 

15 over a plurality of cycles and the UP and DOWN signals reflecting 
results of processing are forwarded to control the phase of the 
data recovery clock signal 102. 

This embodiment adopts a successive processing 
technique in a processing method to reflect results of phase 

20 comparison in the recovered clock signal. A cycle from phase 
detection to reflection of phase-comparison results in a 
recovered clock signal is divided into a phase detection period 
from the phase comparison to an operation carried out by the 
counter 105 to output a signal, a clock-phase selection process 

25 and a clock delay, which is a delay incurred by the recovered 
clock signal. In accordance with the successive processing 
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method, after a cycle just before reflection of a phase- 
comparison result is completed, the process of the next cycle 
is started in order to suppress the number of reflections per 
phase detection to 1. In addition, the process of the next cycle 
5 is started in order to set a phase-switching change quantity 
at a large value by decreasing the size of a clock phase division 
to a value smaller than the size of the clock phase division 
for the conventional clock data recovery circuit for the purpose 
of improving the wander/ jitter tolerance characteristic. 

10 Fig. 3 shows timing charts of operations carried out by 

the first embodiment of the present invention. The description 
begins with a state in which clock signal 3 has been selected 
as an initial recovered clock signal. Phases are detected from 
a state in which the rising edge of the recovered clock signal 

15 leads ahead of the rising edge of the data. DOWN signals output 
over a period including a plurality of cycles are subjected to 
an OR logic process in the counter 105, and the counter 105 
outputs one signal for every 16 cycles. The output signal is 
used as a feedback signal to phase-selection and clock - 

20 outputting processes for switching the clock signal to clock 
signal 2. Then, due to a wander, the data edge deviates, causing 
the raising edge of the recovered clock signal to lag behind 
the data edge. From this state, phases are detected, causing 
the phase comparator 103 to output UP signals . By the same token, 

25 the UP signals output over a period including a plurality of 
cycles are subjected to the OR logic process in the counter 105, 
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and the counter 105 outputs one signal for every 16 cycles. The 
output signal is used as a feedback signal to the phase- 
selection and clock-outputting processes for switching the 
clock signal back to clock signal 3. After the results of the 
5 phase comparison are reflected in the recovered clock signal 
as described above, successive processing is carried out. 

Fig. 4 is a diagram showing basic operations carried out 
by the CDR circuit implemented by the first embodiment of the 
present invention. If a rising edge of data exists in edge 

10 detection width A between falling edge 2 of recovered clock 
signal 2 and falling edge 3 of recovered clock signal 3, the 
clock signal is shifted in the minus direction by a phase 
differential of T/N. If a rising edge of data exists in edge 
detection width B between falling edge 2 of recovered clock 

15 signal 2 and falling edge 1 of recovered clock signal 1, the 
clock signal is shifted in the plus direction by the phase 
differential of T/N. Data is taken in and output on a falling 
edge of a clock signal. 

Edge detection widths A and B explained above by 

20 referring to Fig. 4 are determined on the basis of the clock 
phases defining edges 1/2 and 3. The edge detection widths 
determined in this way are referred to as reference values. To 
put it concretely, edge detection widths A and B are defined 
as relative phases, i. e. , a phase of 0 degree, a phase of +90 

25 degrees and a phase of -90 degrees, as follows: 

Edge detection width A = Phase of 0 degree to phase of 
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-90 degrees = 1/4 cycles. 

Edge detection width B = Phase of 90 degrees to phase 
of 0 degree = 1/4 cycles. 

The values defined above are reference values having an 
5 effect on the jitter /wander tolerance characteristic. Even 
though other parameters also have effects on the jitter/wander 
tolerance characteristic, in this embodiment, the reference 
values are each defined as 1/4 cycles. 

Fig. 5 is a diagram showing an edge detection method (or 

10 an eye-tracking method) adopted by the first embodiment of the 
present invention. As the jitters, a value of 0.7 UI is taken 
into consideration. The value of 0.7 UI is a result of adding 
a jitter increase of 0.025 UI caused by the I/O to a standard 
value of 0.675 UI . This standard value is an SFI-5 standard 

15 value. First of all, as explained in the description of the 
basic operations, when a data edge enters an edge detection 
width, the clock phase is switched from the present one to 
another to keep the clock edge away from the data edge. If no 
data edge exists in an edge detection width, on the other hand, 

20 the clock phase is not switched from the present one to another. 
Thus, the clock edge always exists in the eye. That is to say, 
data can be output correctly without having a specific clock 
falling edge shifted to a position outside a data recovery width . 
The specific clock falling edge is a clock falling edge 

25 subjected to phase comparison with data edges on both sides of 
jitters at the eye. 
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As described above, a clock data output edge, which is 
the clock edge subjected to phase comparison with data edges 
on both sides of the eye, is in the eye, and data can be output 
correctly. In addition, ideally, switching of the clock phase 
5 moves the position of the data recovery edge of the clock signal 
toward the center of the eye. 

Fig. 6 is a diagram showing relations between the eye 
and clock jitters with a wander generated in the CDR circuit 
implemented by the first embodiment of the present invention. 

10 Prior to generation of a wander, the falling edge of the clock 
signal exists at a position separated from a jitter range in 
the eye by the magnitude of edge detection width A or B, which 
is equal to 1/4 cycles, and pieces of data DO to Dn can be output 
correctly. With a wander changing during a loop delay, on the 

15 other hand, the data edge deviates at Tb = ~ 5.8 ps as shown 
in Fig. 8. The loop delay Ta is a period of time between an 
output operation carried out by the counter 5 and the first phase 
comparison. As described above, however, the falling edge of 
the clock signal exists at a position separated away from the 

20 eye by about 1/4 periods (or 80 ps for a period T of 320 ps). 
Thus, even if Tb deviates in the left or right direction, the 
falling edge of the clock signal is never shifted to a position 
outside the data recovery width. 

As described above, even after a wander change, the clock 

25 signal obtained as a result of the phase comparison feedback 
exists in the data recovery width. Thus, data can be output 
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correctly. It is to be noted that, if a wander reduces the data 
recovery width, it is desirable to decrease the ratio of the 
wander to the loop delay. 

Fig. 7 is a diagram showing a relation between the data 
5 edge and the edge detection width with a wander generated in 
the CDR circuit implemented by the first embodiment of the 
present invention. The data edge at the first phase detection 
exists in the edge detection width and the phase of the recovered 
clock signal is reflected in the second switched phase detection. 

10 In the mean time, a wander causes the data edge to deviate at 
Tb = - 10 ps as shown in Fig. 8. Even if a wander is generated 
in a direction leaving edge detection width A or B for the clock 
edge at the second phase detection, no data edge exists in the 
edge detection width so that an operation to recover data at 

15 the eye is continued without switching the clock edge. If a 
wander is generated in a direction toward an edge detection 
width, on the other hand, a data edge enters edge detection width 
A so that the clock switch is switched to keep away the clock 
edge from the data edge . If wanders are generated consecutively 

20 in the same direction, however, in accordance with a relation 
between the wander and the switched phase change quantity, it 
is quite within the bounds of possibility that the data edge 
surpasses the clock edge. That is to say, in order to track 
the wander Tb, a condition expressed by relation ( 1 ) given below 

25 must be satisfied: 

Tb = B x sin(2p x Ta/Tw) < T/N (1) 



31 



where symbol N denotes the number of phase divisions, symbol 
T denotes a clock period, symbol Ta denotes a loop delay, symbol 
B denotes a maximum phase change of input data and symbol Tw 
denotes a phase deviation period. Thus, the ratio T/N denotes 
5 a difference between 2 adjacent phases. As described earlier, 
the loop delay Ta is a period of time between an output operation 
carried out by the counter and the first phase comparison. The 
maximum phase change B is a maximum among phase changes 
occurring over a long period of time. 

10 In the case of the CDR circuit implemented by the first 

embodiment of the present invention, the following typical 
values are used: N = 16, T = 320 ps, Ta = 9 UI , B = 10.65 UI 
and Tw = 5.3 ps. Substituting these typical values into 
relation (1) yields the following: 

15 Tb = B x sin(2p x Ta/Tw) = 5.8 ps and T/N = 20 ps. 

Thus, the condition expressed by relation (1) is satisfied. 
Accordingly, the CDR circuit implemented by the first 
embodiment of the present invention is able to keep tracking 
wanders . 

20 That is to say, in this embodiment, if a condition 

described below is satisfied, the data edge exists in the edge 
detection width and the clock edge follows the data edge. 

The following relation expresses a condition for the 
clock edge to track the wander Tb of the data: 
25 Tb = (10.65 UI/2) x T x sin(2p x Ta/Tw) < T/N 

Fig. 9 is a circuit diagram showing a phase comparator 
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900 provided by the first embodiment of the present invention. 
The phase comparator 900 typically comprises data-recovery- 
use differential clock FFs 901 , EOR - operat ion - insurance - use 
1/2-time conversion FFs 902, phase-comparison-use EORs 903 and 
5 a frequency-division-use FF 904. 

The data-recovery-use differential clock FFs 901 input 
the same data and 3 clock signals with phases of -90 degrees, 
0 degree and +90 degrees respectively. By taking EOR operations 
into consideration, the EOR-operation-insurance-use 1/2-time 

10 conversion FFs 902 divide the frequencies of signals output by 
the data-recovery-use differential clock FFs 901. The 
phase-comparison-use EORs 903 compare the phases of signals 
output by the EOR-operation-insurance-use 1/2-time conversion 
FFs 902. Phases are compared and results of the phase 

15 comparisons are represented by the data output by the data- 
recovery-use differential clock FFs 901, which take in the input 
data at the phases of -90 degrees, 0 degree and +90 degrees of 
the three respective clock signals. If a data edge exists 
between the phases, an n H" signal is supplied to the first input 

20 of a specific one of the phase-comparison-use EORs 903 and an 
"L" signal is supplied to the second input of the specific 
phase-comparison-use EOR 903. As a result, the specific 
phase-comparison-use EOR 903 outputs an "H" UP or DOWN signal 
as an edge detection signal. 

25 Fig. 10 is a block diagram showing a register multi- 

stage connection OR logic type counter 1000 provided by the 
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first embodiment of the present invention. As shown in Fig. 
10, the register multi-stage connection OR logic type counter 
1000 typically comprises UP /DOWN data shift units 1001 each used 
for storing phase-comparison results obtained over a plurality 
5 of cycles, OR circuits 1002 each used for improving UP /DOWN 
detection precision, frequency-division FFs 1003 used for 
adjustment of an output frequency and output FFs 1004. Data 
of input UP and DOWN signals is supplied to the output FFs 1004 
by way of the UP/DOWN data shift units 1001 and the OR circuits 

10 1002, and output from the output FFs 1004 with timings 

determined by 16 clock signals generated by the frequency- 
division FFs 1003 as results of frequency divisions. The 
register multi-stage connection OR logic type counter 1000 has 
a mechanism wherein, during a phase detection period, phases 

15 are compared over a plurality of cycles and UP/DOWN data is 
stored in the UP/DOWN data shift units 1001. The stored data 
is then subjected to an OR logic process in order to increase 
the frequency of the phase detection so that the detection 
precision can be improved. 

20 Fig. 11 is a block diagram showing a cyclic clock-phase 

pointer 1100 provided by the first embodiment of the present 
invention. As shown in Fig. 11, the cyclic clock-phase pointer 
1100 typically comprises a shift register unit 1101, an UP/DOWN 
cancel unit 1102 and an output unit 1103. The shift register 

25 unit 1101 comprises shift registers 1104 connected to each other 
to form a ring. The shift registers 1104 each include a FF 1105 
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for storing information of T indicating a selected clock phase . 
A clock phase is switched by propagating this information as 
the UP signal in the right direction or the DOWN signal in the 
left direction at a speed corresponding to 1/16 of the clock 
5 period. The UP /DOWN cancel unit 1102 is a NAND logic circuit, 
which cancels both the UP and DOWN signals to keep the phase 
clock unchanged when both the UP and DOWN signals are supplied 
to the UP/DOWN cancel unit 1102 at the same time. The output 
units 1103 decode 16 pieces of information output by the shift 

10 register unit 1101 into 8 pieces of output information. 

As described above, the first embodiment compares the 
position of the edge of data with the position of the edge of 
a data recovery clock signal (or a recovered clock signal). 
When a gap between the edges becomes smaller than a reference 

15 value, the clock edge is kept away from the data edge. A cycle 
of a reference clock signal is divided into N portions to 
generate N clock signals with phases different from each other. 
One of the N generated clock signals , which has a phase selected 
among the phases, is taken as the data recovery clock signal. 

20 In addition, the position of the edge of data is compared 

with the position of the edge of a data recovery clock signal 
to execute control for placing the edge of the data recovery 
clock signal in an eye narrowed by high-frequency phase 
deviations (jitters) of the data. Then, data is taken in with 

25 a timing determined by the edge of the clock signal serving as 
an object of the phase comparison. 
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Another clock data recovery circuit comprises : a phase 
comparator for comparing the phase of input data with the phase 
of a data recovery clock signal generated internally and 
outputting shift directions of the phase of the data recovery 
5 clock signal as UP and DOWN signals; a counter for controlling 
a frequency at which the UP and DOWN signals are fed back to 
a means for determining the phase of the data recovery clock 
signal; a cyclic clock-phase pointer for controlling an output 
phase of the data recovery clock signal on the basis of OUT UP 

10 and OUT DOWN signals output by the counter; and a phase 

variable -delay circuit for outputting a clock phase according 
to a phase control signal. 

In the clock data recovery circuit, the data recovery 
clock signal is recovered from the input data and the input data 

15 is taken in with a timing determined by the recovered clock 
signal . 

A further clock data recovery circuit comprises: a 
counter for controlling a frequency at which UP and DOWN signals 
are fed back to a means for determining the phase of the data 

20 recovery clock signal; a cyclic clock-phase pointer for 

controlling an output phase of the data recovery clock signal 
on the basis of OUT UP and OUT DOWN signals output by the counter; 
and a phase variable -delay circuit for outputting a clock phase 
according to a phase control signal. 

25 In the clock data recovery circuit , a cycle of a reference 

clock signal is divided into N portions to generate N clock 
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signals with phases different from each other. Then, the phase 
variable -delay circuit selects one of the N generated clock 
signals as the data recovery clock signal. The selected clock 
signal has a phase selected among the phases by the cyclic 
clock- phase pointer. 

In other words, the clock data recovery circuit has a 
function to select one phase to be output by the phase 
variable-delay circuit. The phase is selected on the basis of 
a plurality of results of phase detection carried out over a 
plurality of cycles having a phase- switching pitch Tp smaller 
than a value determined by the cyclic clock-phase pointer. 

In accordance with the first embodiment described above, 
a gap between the position of the edge of data and the position 
of the edge of a recovered clock signal smaller than a reference 
value means that the data edge enters edge detection width A 
or B, which has a magnitude of 80 ps. If the data edge enters 
an edge detection width, the clock phase is switched from the 
present one to another to keep the clock edge away from the data 
edge. If no data edge exists in an edge detection width, on 
the other hand, the clock phase is not switched from the present 
one to another. Thus, the clock edge always exists in the eye. 
As a result, even for data having jitters of 0.7 UI , it is 
possible to take in the data and, hence, improve the jitter 
tolerance characteristic . 

In accordance with the first embodiment described above, 
it is thus possible to improve the jitter tolerance 
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characteristic of the digital clock data recovery circuit 
implemented by the first embodiment. 

In addition, the first embodiment described above 
includes: a function to compare the position of the edge of data 
5 with the position of the edge of a data recovery clock signal 
(or a recovered clock signal) and keep the clock edge away from 
the data edge if a gap between the edges becomes smaller than 
a reference value ; and a function to divide a cycle of a reference 
clock signal into N portions to generate N clock signals with 

10 phases different from each other and take one of the N generated 
clock signals, which has a phase selected among the phases, as 
the data recovery clock signal. 

It is also possible to move the edge of the data recovery 
clock signal to track a wander, which is a long period phase 

15 deviation of input data, by comparing the position of the edge 
of the input data with the position of the edge of the data 
recovery clock signal. 

In addition, in order to track a wander, a condition 
expressed by a relation given below must be satisfied: 

20 Tb = B x sin(2p x Ta/Tw) < T/N 

where symbol N denotes the number of phase divisions, symbol 
T denotes a clock period, symbol Ta denotes a loop delay, symbol 
B denotes a maximum phase change of input data and symbol Tw 
denotes a phase deviation period. Thus, the ratio T/N denotes 

25 a difference between 2 adjacent phases. In this case, the loop 
delay Ta is a period of time between an output operation carried 
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out by a phase comparator and an operation to reflect a selected 
phase in a clock signal supplied to the phase comparator. The 
maximum phase change B is a maximum among phase changes 
occurring over a long period of time. 
5 Then, one phase to be output by the phase variable -delay 

circuit is selected on the basis of a plurality of results of 
phase detection carried out over a plurality of cycles having 
a phase -switching pitch Tp smaller than a value determined by 
the cyclic clock-phase pointer. 

10 In accordance with the first embodiment , when a data edge 

enters edge detection width A or B having a magnitude of 80 ps, 
the clock phase is switched from the present value to another 
to keep away a clock edge from the data edge. In this way, the 
edge of the data recovery clock signal is moved to a location 

15 separated away from a jitter end in the eye by a distance 

approximately equal to edge detection width A or B having a 
magnitude of 80 ps . For a wander changing to a loop delay, on 
the other hand, the data edge deviates at Tb = ~ 10 ps 
approximately. As described earlier, the loop delay Ta is a 

20 period of time between an output operation carried out by the 
counter and the first phase comparison. That is to say, even 
if a wander causes the data edge to deviate, the edge of the 
data recovery clock signal exists at a location separated away 
from a jitter end by a distance of approximately 80 ps . Thus, 

25 data can be taken in correctly without having a clock edge 
shifted to a position outside the eye. 
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With the magnitude of a wander increasing to a value 
greater than a phase- switching quantity, if the wander is 
generated consecutively in the same direction toward the edge 
detection width, it is quite within the bounds of possibility 
5 that the data edge surpasses the clock edge. Thus, the 

phase-switching quantity T/N limits the wander magnitude Tb in 
accordance with relation (1). To put it concretely, in a 
configuration wherein the magnitude of the wander is suppressed 
by setting the time delay Ta at 9 UI , the change in phase is 

10 increased by setting the phase-division count N at 16. As 
described earlier, the loop delay Ta is a period of time between 
an output operation carried out by the counter and the first 
phase comparison. Thus, Tb is 5.8 ps and T/N is 20 ps , 
satisfying the condition expressed by relation (1). That is 

15 to say, it is possible to keep tracking the wander. 

The first embodiment described above exhibits an effect 
of broadening the data recovery range of the digital clock data 
recovery circuit implemented by the first embodiment. The 
embodiment also exhibits an effect of improving the 

20 characteristic of the recovered clock signal to track a wander. 
Fig. 12 is a circuit diagram showing a phase 
variable -delay circuit 1200 implemented by a second embodiment 
of the present invention. As shown in Fig. 12, the phase 
variable-delay circuit 1200 typically comprises buffers 1201, 

25 composition circuits 1202, 8-1 selectors 1203 shown in Fig. 13 
and CMOS level conversion circuits 1204. The buffers 1201 are 
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each a memory for storing 0-degree/90-degree clock inputs. The 
composition circuits 1202 form a unit for generating 8 signals 
having phases different from each other from 2 signals having 
phases different from each other. The 8-1 selectors 1203 form 
5 a unit for treating the 8 signals with phases different from 
each other as 16 signals having 16 different selectable phases 
and selecting a phase from the 16 phases. In order to output 
a 0-degree differential clock signal and a 90-degree 
differential clock signal, the 8-1 selectors 1203 and the CMOS 

10 level conversion circuits 1204 are each designed as a dual 
component. The 0-degree differential clock signal and the 
90-degree differential clock signal are signals for creating 
edge detection widths . 

The composition circuits 1202 include a circuit for 

15 outputting an input phase as it is and a circuit for outputting 
a middle phase between 2 input phases . As a result , the 
composition circuits 1202 generates 4 phases, i. e. , 0 degrees, 
45 degrees, 90 degrees and 135 degrees, from 2 input phases and 
inverts the 4 generated phases to eventually produce a total 

20 of 8 clock signals with phases different from each other. The 
8-1 selectors 1203 receive 8 selector control signals. By 
executing control to turn on 2 of the 8 selector control signals 
supplied to each 2 adjacent pins of the 8-1 selectors 1203 at 
the same time, the 8-1 selectors 1203 are capable of generating 

25 middle phases between first and second phases and, hence, 

generating 1 of 16 phases from 8 input phases. The CMOS level 



41 



conversion circuits 1204 each comprise a differential buffer, 
a sense amplifier and a CMOS INV for increasing amplitude to 
a CMOS level. In addition, the buffers 1201, the composition 
circuits 1202, the 8-1 selectors 1203 and the differential 
5 buffers included in the CMOS level conversion circuits 1204 are 
each designed as a small-amplitude differential circuit. 

As described above, the phase variable -delay circuit of 
the second embodiment comprises buffers, composition circuits, 
N-l selectors and CMOS level conversion circuits. The buffers, 

10 the composition circuits and the N-l selectors are each designed 
as a small -amplitude differential circuit. 

The N-l selectors receive N selector control signals. 
By executing control to turn on 2 of the N selector control 
signals supplied to each 2 adjacent pins of the N-l selectors 

15 at the same time, the N-l selectors are capable of generating 
a middle phase between first and second phases and, hence, 
generating one of N x 2 phases from N input phases . 

In accordance with the second embodiment described above , 
the composition circuits and the N-l selectors are not circuits 

20 for generating N phases by controlling a current source. 

Instead, the composition circuits and the N-l selectors are 
circuits operating on the basis of a constant current source. 
Thus , it is not necessary to allow a current to flow, the current 
having a magnitude 16 times the magnitude of an operation limit 

25 current in phase control. Instead, it is necessary to allow 
a current to merely flow, the current having a magnitude 2 to 
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3 times the magnitude of an operation limit current to the utmost 
or a current of about 0.45 mA to give a stable operation. Thus, 
the power consumption can be reduced to 1/5. 

In addition, by executing control to turn on 2 of the 
5 16 selector control signals supplied to each 2 adjacent pins 
of the 8-1 selectors at the same time, it is possible to reduce 
the power consumption to 1/2 times the power consumption of a 
circuit comprising two 8-1 selectors and a composition circuit 
to generate 16 clock signals with phases different from each 
10 other. 

Thus, the second embodiment exhibits an effect of 
reducing the power consumption of the digital clock data 
recovery circuit. 

Fig. 14 is a block diagram showing the configuration of 

15 a digital clock data recovery circuit implemented by a third 
embodiment of the present invention. 

As shown in Fig. 14, the digital clock data recovery 
circuit comprises: a phase comparator 1403 for comparing the 
phase of input data 1401 with the phase of a data recovery clock 

20 signal 1402 generated internally and outputting a shift 

direction of the phase of the data recovery clock signal 1402 
as UP and DOWN signals 1404; a register multi-stage connection 
OR logic type counter 1405 for controlling a frequency at which 
the UP and DOWN signals 1404 are fed back to a means for 

25 determining the phase of the data recovery clock signal 1402; 
and a clock-phase generation unit 1406 for generating an output 
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phase of the data recovery clock signal on the basis of signals 
output by the counter 1405. 

The clock-phase generation unit 1406 comprises a cyclic 
clock-phase pointer 1407 and a digital-control type phase 
5 variable -delay circuit 1408. 

Since the digital clock data recovery circuit as a whole 
operates at a half rate, the number of switched phases in the 
phase variable -delay circuit 1408 is increased to 32 in order 
to provide 16 phases at a full rate. A selector selects one 
10 of the 32 switched phases in accordance with digital control. 
Basic operations are the same as those of the digital-control 
type clock data recovery circuit implemented by the first 
embodiment of the present invention. 

The third embodiment exhibits the same effects as those 
15 of the first embodiment. Since the digital clock data recovery 
circuit operates at a half rate, the digital clock data recovery 
circuit is capable of operating over a frequency band with 2 
times the width of the frequency band of the first embodiment. 

In addition to the effects exhibited by the first 
20 embodiment, the third embodiment also exhibits an effect of an 
operation speed increased by operating the digital clock data 
recovery circuit at a half rate . 

Fig. 15 is a block diagram showing the configuration of 
a digital clock data recovery circuit implemented by adopting 
25 a data delay method in accordance with a fourth embodiment of 
the present invention. 
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As shown in Fig. 15 , the digital clock data recovery 
circuit comprises: a phase comparator 1503 for comparing the 
phase of input data 1501 with the phase of a data recovery clock 
signal 1502 generated internally and outputting a shift 
5 direction of the phase of the data recovery clock signal 1502 
as UP and DOWN signals 1504; a register multi-stage connection 
OR logic type counter 1505 for controlling a frequency at which 
the UP and DOWN signals 1504 are fed back to a means for 
determining the phase of the data recovery clock signal 1502; 

10 and a clock-phase generation unit 1506 for generating an output 
phase of the data recovery clock signal on the basis of signals 
output by the counter 1505. 

The clock-phase generation unit 1506 comprises a cyclic 
clock-phase pointer 1507 and a digital-control type phase 

15 variable -delay circuit 1508. 

The method whereby the edge detection width is defined 
by edges of 3 signals having phases different from each other 
is changed to a method whereby data is delayed and the edge 
detection width is defined by edges of data having 3 phases. 

20 Thus, the recovered clock signal output by the phase 

variable -delay circuit 1508 is changed from 2 signals having 
phases different from each other to a signal having 1 phase. 
The phase variable -delay circuit 1508 includes a selector for 
selecting a clock signal from 16 clock signals having phases 

25 different from each other. Basic operations are the same as 
those of the digital-control type clock data recovery circuit 
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implemented by the first embodiment of the present invention. 

The fourth embodiment exhibits the same effects as those 
of the first embodiment . In addition, since the number of clock 
phases output by the phase variable -delay circuit 1508 is 
reduced, the circuit can be form with a single 8-1 selector and 
a single CMOS level conversion circuit so that the power 
consumption can be reduced to 1/2. 

The Present invention can provide the effects as follows : 
(1) The phase comparator compares the position of the 
edge of data with the position of the edge of a recovered clock 
signal and keeps the clock edge away from the data edge if a 
gap between the edges becomes smaller than a reference value 
so as to improve a jitter tolerance characteristic. In addition, 
a data recovery range in the event of a wander is broadened. 

(2) A cycle of a reference clock signal is divided into 
N portions to generate N clock signals with phases different 
from each other. Then, the phase variable -delay circuit takes 
one of the N generated clock signals, which has a phase selected 
among the phases, as the data recovery clock signal. The fact 
that a phase switching quantity T/N limits a wander Tb in 
accordance with relation (1) indicates that the recovered 
signal's characteristic to track the wander is improved. 

(3) The phase variable -delay circuit comprises 
composition circuits of the constant current generator type and 
8-1 selectors, and execution of control to turn on 2 of 16 
selector control signals supplied to each 2 adjacent pins of 
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the 8-1 selectors at the same time reduces power consumption. 



